Centrosome phosphorylation and the developmental expression of meiotic competence in mouse oocytes.
Previous studies suggested that the transition from an incompetent to a competent meiotic state during the course of oogenesis in the mouse involved a G2/M-like cell cycle transition (Wickramasinghe et al, 1991. Dev. Biol. 143, 162). The present studies tested the hypothesis that centrosome phosphorylation, an event normally induced by MPF, is required for this developmental transition and the expression of meiotic competence in cultured growing mouse oocytes. Multiple fluorescence labeling techniques were used to evaluate centrosome number, phosphorylation status, and microtubule nucleating capacity in competent and incompetent oocytes. Experimental conditions were established for reversibly altering the phosphorylation status of the centrosomes and the effects of these treatments on meiotic resumption were examined. Phosphorylated centrosomes nucleating short microtubules were observed in competent oocytes, whereas nonphosphorylated centrosomes and interphase microtubule arrays were found in incompetent oocytes. Upon recovery from nocodazole-induced microtubule depolymerization, short microtubules formed from centrosomes in competent oocytes, whereas long microtubules reappear in the cytoplasm of incompetent oocytes. Perturbation of the phosphorylation state of oocytes with activators of protein kinase A or protein kinase C resulted in the formation of long interphase microtubules in competent oocytes while centrosome phosphorylation was maintained. Treatment of competent oocytes with the phosphorylation inhibitor 6-dimethylaminopurine also led to formation of long microtubules, although under these conditions centrosomes were dephosphorylated. When competent oocytes were treated simultaneously with puromycin and the phosphodiesterase inhibitor isobutyl methylxanthine (IBMX) for 6 hr, centrosomes became dephosphorylated; centrosomes were rephosphorylated when competent oocytes were further cultured in IBMX without puromycin. Conditions that induced centrosome dephosphorylation in competent oocytes resulted in the loss of the ability to express meiotic competence in culture, whereas maintenance of centrosome phosphorylation in these oocytes was correlated with the ability to resume meiosis. These results suggest that the G2/M transition that occurs when mouse oocytes progress from an incompetent to a competent state in vivo involves the phosphorylation of centrosomes and that the maintenance of centrosome phosphorylation is required for the in vitro expression of meiotic competence.